We introduce a simple geometric method of determining which abstract branch data can be realizable by branched coverings of the two-dimensional sphere S 2 (the Hurwitz problem). Using this method we the realizability of some classes of data.
We consider a question, which abstract branch data D can be realized by a branched covering f : M ! N for some Riemann surfaces M; N, i.e. when there exists a branched covering f : M ! N, such that D(f) = D. This problem was studied by Hurwitz in the classical work Hur] . He proved that realizability is equivalent to nding a set of permutations in the symmetric group d of d symbols satisfying some algebraic conditions. However, practically it is not easy to check for which abstract branch data such permutations can be found. There are some necessary conditions for realizability, the most important one is the Riemann-Hurwitz formula: Remark. By de nition, for a rational branch data of degree d we have nd = P I d i;j = 2d ? 2 + k, so k = nd ? 2d + 2.
In this paper (Section 2) we introduce a simple, purely geometric method of determining which rational branch data are realizable. Using this, in Section 3 we present a new proof of the polynomial realizability and indicate that this implies the straightening lemma for \re ned" polynomial-like maps. In Section 4 we prove the realizability of some classes of rational branch data. In particular, we show: C n? containing " exp(2 i(2l?1)=(4d i;j )) for a small " > 0. We show that there exists l 0 2 f1; : : : ; 2d i;j g such that U l 0 +1 mod 2d i;j 6 = U l 0 ?1 mod 2d i;j :
(2) To do it, suppose U l 0 +1 mod 2d i;j = U l 0 ?1 mod 2d i;j = U. Then it is easy to see that U f0g separates U l 0 from other U l , so U l 0 +2 mod 2d i;j 6 = U l 0 (recall that we assume d i;j > 1). In this way we have proved (2).
For simplicity, assume l 0 = 1. Now we modify ?, changing @U 1 near 0 so that @U 1 = fr exp(2 il=(2d i;j )) : r > "; l = 0; 1g f" exp(2 i ) : 2 0; 1=(2d i;j )]g near 0. Then U 1 has changed into some smaller topological disc and U 2 and U 2d i;j have changed into one component V of b C n ?. By (2), before the modi cation, U 2 and U 2d i;j were disjoint topological discs. This easily implies that after the modi cation, the component V is also a topological disc. Since we have not modi ed any other component of b C n ?, it follows that ? is still connected. Moreover, the branch point c i;j = 0 has its branching degree decreased by one. Let " 2 ? be a new point of colour i and connect it to c i;j = 0 by a straight line segment i;1 . Now we repeat the procedure of modifying ? near its branch points. After each step, there appears a new curve i;m and the branching degree of some branch point c i;j is decreased by one. Hence, after 2d?2 steps, ? is a compact connected 1-dimensional manifold without branching points, so it is a Jordan curve. 3 The polynomial case
Using the method described in the previous section we now give a new geometric proof of the realizability of all polynomial branch data.
Theorem 3.1. Every polynomial data is realizable. Proof. Let D = d i;j ] (i;j)2I be a polynomial branch data of degree d. We can assume d n;1 = d. According to Lemma 2.1, we will construct the suitable curves i;m . It is obvious that we can connect all d points of colour n by d?1 curves n;1 ; : : : ; n;d?1 lying outside the unit circle, such that n;m connects x n;m to x n;m+1 and n;m satisfy conditions of Lemma 2.1. Hence, it is su cient to prove that we can connect points of colours i = 1; : : : ; n ? 1 by suitable d ? 1 curves i;m inside the unit circle. Consider now the case n?1 (D) = 1 (thenñ = n ? 1). In this case let x n?1;l 0 be any point of colour n ? We would like to indicate some consequence of the polynomial realizability in the theory of polynomial-like maps (see DH] for de nitions and properties). Namely, we can state the straightening lemma for \re ned" polynomial-like maps.
De nition 3.2. Let U i;j , i = 1; : : : ; n; j = 1; : : : ; k i and V i , i = 1; : : : ; n be a family of bounded topological discs in C with smooth boundary, such that clU i;j V i for every i; j and cl U i;j are pairwise disjoint. Let f : Proof. Let V = fz : jzj < rg, such that V S i cl V i and de neṼ i (resp.Ũ i;j ) to be an open topological disc with smooth boundary, such thatṼ i clV i (resp.Ũ i;j cl U i;j ) and @Ṽ i (resp. @Ũ i;j ) is close to @V i (resp. @U i;j ). Set C n clV . Now we can de ne a bounded g-invariant conformal structure and using the measurable Riemann theorem we nd a polynomial p of degree d hybrid equivalent to g.
The rational case
Now we show the realizability of some classes of rational branch data. Proposition 4.1 was also proved in EKS]. For simplicity, assume i 0 = n, l 0 = d. Add n new points x 1;d+1 ; : : : ; x n;d+1 situated in counter-clockwise order on @D between x n;d and x 1;1 and add another d + 1 new points x n+1;1 ; : : : ; x n+1;d+1 2 @D such that x n+1;l lies between x n;l andx 1;(l mod (d+1))+1 . Now we can connect x n;d to x n;d+1 by a new curve inside the unit circle and x n+1;d to x n+1;d+1 by another curve outside the unit circle to obtain the suitable set of curves for the data D 
